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Introduction 
According to the estimation of Savills Research (2016) at the beginning of 2016, real estate accounts for about 60% of the world's conventional assets. Its total cost ($ 217 trillion.), is 2.7 times higher than the world GDP. At the same time 75% of the total value of real estate, or $ 162 trillion falls on housing. For a long time real estate investments were considered to be one of the most reliable methods of placement. Low profitability of real estate transactions was fully compensated by their lower risk. Weak market volatility made it possible to apply it to the analysis of simple statistical models.
In the XXI century the situation changed dramatically. The fast rise in real estate prices was followed by an equally fast collapse. Neither the first nor the second could be taken into account using traditional methods of market forecasting. In these circumstances, methods have received a push to development, allowing to take into account the impact of a large number of factors, in particular the modeling of system dynamics. Originally this method was proposed by J. Forrester (1968) but at that time did not spread for some reasons.
Despite the positive experience of using this method, it is still not widely used because the real estate market of each country has its own characteristics that affect the structure of the model. Under these operating conditions, the theme is relevant and contemporary.
Body 
The aim of the study is to create a dynamic simulation model of the value formation of residential real estate and its analysis. The following scientific problems are formulated and solved to achieve it:
1) Identification of pricing factors on the residential real estate market;
2) the construction of a dynamic simulation model of pricing in the residential real estate market;
3) quantification of the factors used in the model;
4) analysis of the impact of these factors on the price of residential real estate in Ukrainian market.
As an immediate object to verify the simulation results, the secondary real estate market of Kiev was selected, as this market is the largest in Ukraine (in the housing stock of Kiev there are more than 1 million apartments) and statistics of the long-term prices is available.
The proposed system-dynamic model implements processes to achieve a balance between supply and demand. The study of residential real estate sales statistics in Kiev showed that the supply on the secondary market is practically constant. This led to the conclusion that the market price is mainly determined by effective demand, and to simplify the model, which is shown in Fig. 1.


Fig.1. Diagram of cause and effect relationships in the real estate market

Let us consider this model. As noted above, the supply in it is an external factor and is given prior to the simulation experiment. It is understood that supply is expressed in physical units (units).
Demand is variable, which is directly determined by the effective demand.
The ratio of supply and demand determines the market conditions and guidance for setting the new price levels. In this case the guide for establishing new prices are the prices at which apartments were sold before, and which, because of the psychology of market participants are arranged in a certain price range - "corridor". In determining the parameters of the corridor the basis is the normal law of probabilities distribution, in which the greatest number of units are sold at a price close to the average.
Apartment price is determined on the basis of the previous value and its price changes due to changes in market conditions. Current price at the next step of the model through the delay line becomes the last.
The indicator of financial capacity of buyers reflects the amount that on average a potential buyer is willing to pay for an apartment. It was found that real buyers in the real estate market are wealthy people that make up 5-10% of the total population.
If the financial possibilities of customers are higher than the average level of prices, this leads to an increase in demand, the market goes into deficit status and a gradual increase in prices starts, which will continue until the time of their alignment with the financial capacity of buyers. The reverse process is also possible.
Let us consider the procedure for determining the financial capacity of buyers.
Effective demand in the real estate market is formed mainly on the basis of such factors as the equity funds of the population and outside funds. Equity funds are formed by the accumulation of money that people receive in the form of wages and other income. We will consider bank mortgage loans as outside funds, due to which up to 80% of the apartments were bought during the boom of real estate operations (Zhuk, 2009).
Model of cause and effect relationships in determining the financial capacity of buyers is shown in Fig. 2.


Fig.2. Diagram of cause and effect formation of financial capacity of buyers 
in the real estate market.

The base of the formation of financial capability, as can be seen in Fig. 2 are incomes. In Ukraine, the State Statistics Service gives only the average value of this indicator, which can not directly be used in the modeling process. Given the (Mineyevs, 2012) hypothesis that the distribution of income in society obeys the log-normal law, (Mints, 2016) developed a method of determining the incomes of different groups on the basis of known data about their average level and the extent of income inequality (funds ratio). Funds ratio is defined as the ratio of incomes of the richest 10% of the citizens to the income of the poorest 10%. In Ukraine its value in the years 2000-2015 was 5.5 - 7 units.
In addition to changes in the dynamics of revenues, the potentialities of the population by means of accumulation, as well as the dynamics of the main parameters of bank loans - rates, terms, currency issuance, the allowable ratio for credit costs and customer’s revenue - were taken into account in the construction of a simulation model
Based on models of cause-and-effect relationships shown in Fig. 1 and 2, the dynamic simulation model of pricing in the residential real estate market was built in PowerSim system. Let us consider the results of experiments with this model.
Simulation experiment №1.
Objective: To compare the simulation results based on dynamics of the main parameters of bank loans to real price changes in the real estate in Kiev.
To do this we’ll examine the prices for one-bedroom apartments in such areas as the Dnieper, Podolsky and Svyatoshinsky for which the factor of prestigiousness isn’t of great importance. The comparing results are shown in Fig. 3.


Fig. 3. Comparison of simulation experiment results with the real dynamics 
of prices for real estate in Kiev in 2000-2015. (Thou. USD)

As can be seen from the graph, the results of simulation experiment almost exactly coincide with the actual data at the stage of price rise.
Simulation experiment №2.
Objective: To analyze the development of the residential real estate market, provided that the banks do not issue mortgages and the price dynamics affects only incomes.
№2 experimental results are shown in Fig. 4 (time in the graph corresponds to the number of months since January 2000).
Fig. 4, in this case shows that the price of one-bedroom apartments, in spite of the crises of 2008 and 2014, would rise quite evenly and would have reached the level of about 10 thousand USD by the present time.


Fig. 4. Dynamics of change indicators in simulation experiment №2:
a) price of housing (thousand USD); b) the amount of demand for housing (units).

Simulation experiment №3.
Objective: To analyze the development of the residential real estate market, provided that the crisis did not affect the banking sector and the terms of mortgage lending would achieve 50 years in Ukraine, which is normal for the developed countries of the West.
№3 experimental results are shown in Fig.5.


Fig. 5. Dynamics of change indicators in simulation experiment №3:
 a) price of housing (thousand USD); b) the amount of demand for housing (units).

Fig. 5 shows that in this case there is no endless rise in prices. The simulation results show that the real estate price will be stabilized at 120-130 thousand. USD for one-bedroom apartment.
Conclusion 
1) Factors of pricing in the real estate market were examined. It was revealed that on the secondary housing market the main method of assessment is comparative, and sellers set prices on the basis of the transactions results.
2) Models of a cause and effect relationship among demand, supply and price, and among the factors forming the financial capacity of buyers at the real estate market were built. On the basis of these models a dynamic simulation model of pricing in this market was built.
3) External factors of the model were set in accordance with the conditions in Ukraine in 2000-2015.
4) In the course of three experiments, the impact of these factors on the price of residential real estate in Ukrainian market was analyzed. It was found that the strongest factor in pricing in the real estate market are external sources of funding, namely - a bank loan.
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